Subjects with Familial hypercholesterolemia are at increased risk for cardiac events such as premature myocardial infarction and early death from coronary heart disease, especially in patients with severe forms of the disease if left unattended. Therefore, there is an ardent need for the early diagnosis followed by aggressive therapeutic intervention and lifestyle modification. Three groups have developed clinical diagnostic tools for Familial hypercholesterolemia: the US MedPed Program, the Simon Broome Register Group in the United Kingdom, and the Dutch Lipid Clinic Network. In this article, the individual criteria are reviewed with particular emphasis on their advantage(s) and disadvantage(s), and in turn assess their suitability in diagnosing Familial hypercholesterolemia in the Omani Arab population. A brief insight into the process of "Cascade Screening" is also provided, this is a procedure that we are in the process of establishing in Oman.
Introduction
Fami lial hypercholesterolemia (FH) is a genetic disorder of lipid metabolism that is typified by considerable elevations in levels of low-density lipoprotein cholesterol (LDL-C), from which patients are at an elevated risk for premature coronary heart disease (CHD). 1, 2 The etiology of FH comprises of known mutations in the gene of the LDL receptor (LDLR) (with more than 1600 identified to date, 3 the proprotein convertase subtilisin/kexin type 9 (PCSK9) gene, the gene of apolipoprotein B (ApoB) or rare mutations in LDL receptor adapter protein 1 (LDLRAP1) gene. 4 Heterozygous FH (HeFH) is the widely occurring form of the disease (prevalence of approximately 1 in 300 to 500 individuals globally and as high as 1 in 100 persons in some populations), with the preponderance of inheritance through an autosomal-dominant mechanism. [3] [4] [5] [6] Homozygous FH (HoFH) on the other hand, is a very rare form of the disease (prevalence of 1 in 1 million persons). 7 However, some populations such as the French-Canadians, Lebanese (both in Brazil and Lebanon), Ashkenazi Jews, and Dutch Afrikaners, are at a significantly increased risk for FH owing to an augmented prevalence of HeFH-associated mutations in the LDLR, in these so called "founder" populations. [8] [9] [10] [11] [12] Individuals with FH generally have drastically higher levels of LDL-C than most patients with severe hyperlipidemia. Case in point, subjects with FH above the age of 30 years often exhibit an LDL-C level of 250 milligrams per deciliter (mg/dL) (13.9 mmol/L) or higher; patients between 20 and 29 years of age often exhibit LDL-C levels of 220 mg/dL (12.2 mmol/L) or higher; while patients younger than 20 years of age often have an LDL-C level of 190 mg/dL (10.5 mmol/L) or higher. 3 Although high cholesterol levels more often than not do not exhibit any physical symptoms, cholesterol may be deposited in specific areas in the body that may be visible from outside. These include, regions around the eyelids (xanthelasma palpebrarum), as a white ring in front of the periphery of the iris (arcus senilis corneae), and in the form of lumps in the tendons of the hands and feet specifically the Achilles tendon (tendon xanthoma). 13, 14 Subjects with FH are at increased risk for cardiac events such as premature myocardial infarction and early death from CHD, especially in patients with severe forms of the disease if left unattended. Risk factors for CVD in patients with FH are comparable to those in patients without FH, although FH itself is a significant CVD risk factor because it results in long-term exposure to high lipid levels. 4, 15, 16 In HeFH, there is one normally functioning gene and therefore, the disease condition is less severe and more responsive to treatment such as statins than HoFH. The mean age for the inception of CVD in men with HeFH is 42 to 46 years and in women the onset occurs around 51 to 52 years. 17, 18 HoFH on the other hand, is an aggressive form of FH, which is frequently unresponsive to conventional treatment for hypercholesterolemia owing to the patient' s lack of functional LDLR. 16, 18 In patients with HoFH, the mean age at the time of diagnosis of CVD is 20 years. 15 Therefore, there is an ardent need for early diagnosis followed by aggressive therapeutic intervention and lifestyle modification. The clinical diagnosis of FH is founded on personal and family history, physical examination, and lipid concentrations. Three groups have developed clinical diagnostic tools for FH: the US MedPed Program, the Simon Broome Register Group in the United Kingdom, and the Dutch Lipid Clinic Network.
The question that arises is, "Which of the clinical diagnostic tools is more suitable for the diagnosis of FH in a genotypically homogenous population such as the Omani Arab population and likewise?" Additionally, there are other factors such as costeffectiveness and ease of applicability which should also be taken into consideration. In this epigrammatic review, the individual clinical diagnostic tools are discussed in order to appraise the suitability of their application to the diagnosis of FH in the Omani Arab population.
The Simon Broome Criteria
The Simon Broome criteria takes into consideration cholesterol concentrations, clinical characteristics, molecular diagnosis, and family history, which include risk of fatal CHD in FH. 19 The criteria are summarized in Table 1 .
According to this criterion, definite FH is defined as:
• total cholesterol higher than 6.7 mmol/L or LDL-C greater than 4.0 mmol/L in a child whose aged under 16 years or total cholesterol greater than 7.5 mmol/L or LDL-C higher than 4.9 mmol/L in an adult (levels either pre-treatment or highest on treatment). plus • tendon xanthomas in the patient, or in a first-degree relative (parent, sibling or child), or in a second-degree relative (grandparent, uncle or aunt) or • DNA-based confirmation of an LDLR mutation, familial defective ApoB-100, or a mutation in the PCSK9 gene.
The Simon Broome Criteria directs that for a diagnosis of possible FH:
• total cholesterol should be higher than 6.7 mmol/L or LDL-C should be grater than 4.0 mmol/L in a child whose aged under 16 years or total cholesterol greater than 7.5 mmol/L or LDL-C greater than 4.9 mmol/L in an adult (levels either pre-treatment or highest on treatment) and at least one of the following • family history of myocardial infarction: younger than 50 years of age in a second-degree relative or younger than 60 years of age in a first-degree relative or • family history of raised total cholesterol: greater than 7.5 mmol/L in an adult first-or second-degree relative or greater than 6.7 mmol/L in a child or sibling aged younger than 16 years. The criteria is set out in such a fashion that it can easily be remembered easily and therefore its applicability in a day-to-day lipid clinic is easy and effective. In fact, of the three criteria currently available, it is the most widely used by physicians.
Economic viability:
The Simon-Broome criteria at a glance uses the conventional physical signs, history taking and non-invasive procedure of lipid profile analysis for the diagnosis of FH. This as a whole makes the application of this criterion easy and economically feasible. In order to diagnose definite or possible FH, the physician does not have to resort to expensive DNA testing. This makes the suitability of the criteria to be applied in a healthcare center setting such as the type observed in Oman, 20 whereby patients diagnosed with definite or possible FH are then referred to major hospitals such as Sultan Qaboos University Hospital later for molecular testing.
Disadvantage of the Simon-Broome Criteria
Simon-Broome criteria fails to differentiate between classical FH due to LDLR mutations and the other genetic origins of FH such as ApoB-100 and PCSK9. It will also not discriminate between FH and non-FH such as secondary hypercholesterolemia, sitosterolemia, or other variants. More importantly, the criteria may overlook a substantial proportion of FH patients, mainly those with a mild phenotype and the pediatric population in whom the phenotype has not yet emerged. In fact, a myocardial infarction is the first presenting sign in many FH patients. Additionally, the criteria does not allocate for understanding of known genotypephenotype correlations such as better response to statin therapy in ApoB-100 and ARH compared to LDLR mutations.
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The Dutch Criteria The Dutch criteria for the diagnosis of FH are the modification of the Simon-Broome criteria. The principal reason for developing the Dutch criteria is that the Simon-Broome criteria diagnoses FH based on personal and family history, physical examination, and laboratory findings. However, the underlying molecular defect of FH is overlooked in the Simon-Broome criteria. To address this shortcoming, the Dutch criteria introduce a point system and take into consideration the molecular defect of FH. The criteria are represented in Table 2 .
In the Dutch criteria, 22 points take into consideration family history of hyperlipidemia or heart disease, clinical characteristics such as tendinous xanthomata, elevated LDL cholesterol, and/ or an identified mutation. A total point score of greater than 8 is considered "definite" FH, 6-8 is "probable" FH, and 3-5 is "possible" FH. In comparison to the Simon Broome, the Dutch criteria requires that at least one other criterion be met in addition to molecular diagnosis. 22 One of the key advantages of the Dutch criteria is that it addresses the molecular defect that leads to FH and this in turn will help to provide the diagnosed FH patient with a better therapeutic strategy/treatment.
Disadvantages of the Dutch Criteria

Lack of versatility of use:
Unlike the Simon Broome criteria, the Dutch criteria lacks versatility. Firstly, its use in the day-to-day clinic is cumbersome as for a definite diagnosis of FH points obtained for the patient should be 8 or higher. Secondly, the chart corresponding to the criteria if adequately adhered to will require entailing a longer time of attendance by the physician for a given patient. This means that if there is a larger number of patients attending the clinic on a given day, the diagnosis of FH may be erroneous due to stress over time that the physician may be exposed to. Additionally, attendance of lipid clinics by patients is often governed by demographics, clinical parameters and treatment beliefs. In a prospective cohort study by Elis et al. it was observed that beliefs involving lipid-lowering treatment should be effectively identified, so that they may be elucidated in order to improve patient attendance at follow-up visits to a lipid clinic. 23 Therefore, if the Simon-Broome Criteria is compared vis-à-vis with the Dutch criteria, offering suitable details to the patient with regards to the criteria for diagnosis of FH is relatively easier for the Simon-Broome criteria as it offers a straight forward scheme of diagnosis in comparison to the Dutch criteria. Among the Omani population, visits to a health professional are often governed by cultural and traditional beliefs. 24 Therefore, putting forth a simplistic explanation with regard to diagnostic criteria pertaining to FH may make a difference between a patients revisit to the clinic for proper treatment and management of FH. In such a case, the clinician may find that providing a suitable elucidation is relatively easier with regards to the Simon Broome criteria. 2. Expensive: One of the key points in the Dutch Criteria is the elucidation of molecular defect for the diagnosis of FH. This requires that the genomic DNA for FH associated genes such as LDLR, PCSK9 and ApoB-100 be screened in order to identify the defect. For such a screening process, a DNA sequencer and sequencing reagents will be required, which are both expensive (as explained in Fig. 1 ) and difficult to be applied in a health center setting (such as those established in Oman) as handling such equipment requires suitably trained personnel. As observed in Fig. 1 , the cost of sequencing a megabase of DNA has fallen over the decade and has defied even the Moore' s law (the Law predicts that every two years the cost of computing will fall by half. 25 In other words, in the years to come, gadgets (especially involving electronic circuitry) will be better as well as cheaper. In terms of DNA sequencing with the evolution of the DNA sequencer in terms of the electronics involved, the cost of sequencing will go down. However, in case of FH, one needs to screen three genes which will still entail a substantial fee per patient. Additionally in recent studies, it has been shown that additional genes apart from that of LDLR, PCSK9 and ApoB-100 may be involved in causing FH, 21 as a result of which the whole genome or at least the exome needs to be screened for alteration in order to be definitive. 
The US MEDPED Criteria
The US MEDPED criteria uses age-specific and relative specific criteria for total cholesterol only (Table 3) . 26 A point to note regarding these criteria is to be aware of the lower total cholesterol diagnostic cut-off levels in patients with first-, second-or thirddegree relatives with FH compared with the cut-off levels for the general population. (Table 3 )
Disadvantage of the US MEDPED Criteria
Although easy to use, the criteria does not take into consideration the clinical characteristics such as tendinous xanthomata and/or an identified mutation in the FH-associated gene although it advocates cascade screening (refer below) once FH has been diagnosed by employing the criteria. Additionally, various factors influence the variation in the levels of total cholesterol. Case in point, in a longitudinal study of seasonal variation in lipid levels in 517 healthy volunteers from a health maintenance organization serving central Massacheussetts; it was observed over a 12-month period that a seasonal variation existed in the levels of lipids where the variation is higher in women and hypercholesterolemic individuals, with alterations in plasma volume accounting for much of the disparity. A relative plasma hypervolemia during the summer also seems to be linked with increases in temperature and/or physical activity. 27 the population of Muscat will exhibit significantly higher levels of lipids compared to the population in Washington DC, making the use of US MEDPED criteria difficult in Oman.
In order to determine how temperature variations my affect limit levels, the year-round temperature for Muscat, Oman was plotted and compared with that of Washington DC, USA (Fig. 2) using the online temperature plot module of http://www.climatemps.com. As observed in Fig. 2 , Muscat experiences predominantly summer weather all year-round whereas in Washington, the temperatures are far cooler. Therefore, in line with the observations of Ockene et al. 27 the population in Muscat will plausibly tend to exhibit higher lipid levels in comparison to the levels observed in the US. Therefore, the US MEDPED criteria, which solely depends on the diagnosis of FH based on the values of total cholesterol, may not be applicable to the Omani Arab population.
Diagnosis of FH in Oman
Recently, two cases of FH were reported from two different Omani Arab families. 7, 22 In both cases, the Simon-Broome criteria was applied for diagnosing FH and it was confirmed later through DNA analysis that in one of the families, FH was due to mutation in the LDLR but not in the PCSK9 or the ApoB genes. 7 Whereas in the other family FH was due to mutations in both LDLR and PCSK9 genes. 21 Both of these studies indicate towards the fact that the Simon-Broome criteria can be successfully applied for the diagnosis of FH in the Omani Arab population.
Cascade Screening
In 1997, the World Health Organization (WHO) evidently recognized the benefits of a DNA test for the diagnosis of FH and re-assured that it was cost-effective to do so. 28 However, with the evolving polygenetic nature of FH, several studies have demonstrated that genetic diagnosis is hindered by the towering cost, and genetic screening for the population at large failed to show cost-effectiveness levied to the polygenetic nature of FH.
However, the recent advent of the cascade-screening strategy may solve this issue of cost-effectively. In cascade screening, an index patient is initially diagnosed clinically by employing one of the clinical criteria listed in Tables 1 to 3 . Following which a DNA test is performed, the DNA test confirms the mutation in the index patient. Screening for the matching mutation is commenced in firstdegree relatives to look for fresh cases of FH. New inveterate cases from the relatives are treated as new index cases and their firstdegree relatives are screened. The concept of cascade screening has been successfully applied in the Dutch, 29 Norwegian, 30 Spanish, 31 Australian, 32 Wales , 19 and the population in New Zealand. 32 A similar strategy can be applied to the genetically homogenous Omani Arab population following the diagnosis of FH using the Simon-Broome criteria.
Exome Sequencing Strategy
Exome sequencing or the targeted sequencing of the subset of the human genome that is protein-coding -is an authoritative and costeffective newfangled tool for dissecting the genetic basis of diseases and traits that have ascertained to be intractable to conventional gene-discovery strategies. 33 Over the past years, experimental and analytical approaches relating to exome sequencing have proven to be a rich framework for ascertaining the genes underlying unresolved Mendelian disorders. Additionally, exome sequencing is being adapted to explore the extent to which rare alleles explain the heritability of complex diseases and health-related traits. Although in FH, mutations in three genes are associated with causing the disease, a complex genetic etiology may exist, as these genetic loci may interact with other unidentified loci indicating towards the degree of severity of the disease.
Case in point, exome sequencing in a patient suspected with mitochondrial disease revealed a homozygous splice site mutation in SETX, which is known to cause Spinocerebellar Ataxia, Autosomal Recessive 1 (SCAR1). Further, a missense mutation was also identified in a highly conserved position of the OCRL gene, which causes Lowe Syndrome and Dent Disease 2. 34 On reviewing this patient's complex phenotype, it was observed that a complex genetic etiology was present in which no single gene explained the complete clinical presentation. Thus, exome sequencing reveals that this patient did not have mitochondrial disease but rather a genocopy caused by more than one mutant locus. Therefore, in the distant future, mandated sequencing of the exome for patients with severe presentation of FH may help towards better management of the disease in addition to the elucidation of the "interactome" that may exist between the already identified genes with the ones that are still to be identified.
Conclusion
Overall, the Simon-Broome Criteria is most suitable for diagnosing FH in the Omani Arab population, although it does not diagnose the condition at the genetic level. Following diagnosis using the Simon Broome, a cascade screening strategy can be availed to pursue genetic testing of FH. A project is currently being designed to appraise the cascade screening strategy in the Omani Arab population. With the establishment of a cascade screening strategy, further investigations can be carried out to promote the exome sequencing approach in order to improve our understanding and management of the disease.
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